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TABLE 2.-The vapor pressure of liquid uukr from -18' C. to 0' C. from Table 1 we find p =3.013 at - 5 O ,  which, increased 
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vapor ressure of ice in 
a t  -5' d: 

THE VAPOR PEESSUBE OF WATER IN EQUILIBRIUM \VI= 
THE ATMOSPHERE 

Just as in the case of ice, the va or pressure of water 

pressure when in contact m t h  its own vapor .only. For 
water below Oo C. the correction may, for all practical 
purposes, be computed from equation (14). For higher 
temperatures, the following more esact equations mny 
be employed: 

1 0 0 ~ = 0 . 0 7 7 5 - 3 . 1 3 x l 0 ~ t  (validuptot=40° C.) (1.5) 

and ' 

in contact with the atmosphere 8 lffers from its vapor 
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In these equations both the ,effect of the external 
pressure, as such, ani1 the effect of dissolved air are 
taken into account. At high temperatures (7Oo-8O0 C.1 
this correction amounts to more than 0.1 inin. 

TABLE 1.-The vapor pressure of ice 
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19151) and Bcheel and Heuse (Ann. Physik 29,731 [SOLI]). 
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Computed from Table 1 with the aid of the thermodynamic equatlon 
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TEMPERATURE LAG OF T H E  OCEANS 

sc'm 46 By W. J. HUMPHREYR 

[Weather Bureau. Washington, D. C.] 

From time to time we see the assertion that any a pre- 
ciable change in the tem erature of the ocean, SUCK, for 

stant, persist,s, in large measure, over a period of years. 
These assertions, however, are not backed up by sound 
theory, but based, if upon anything at all, upon a few 
observations, which, for the particular long-range fore- 
cast, or other objects in view, it is convenient to assume 
es lained in the alleged manner. 

!t may be he1 ful, therefore, to compute, according to 

ablv may expect such lags to be. 
Owing to \vavc action and convection, tern erature 

penetrate in ap roximatel full magnitude to an appre- 

meters, and that beyond this depth there is no change. 
It is believed that this assumption is of the proper order. 
Anyhow, the results will be correct to within an esperi- 
mental factor. 

As is well known, the earth maintains its average bal- 
ance between heat gained and heat lost, by radiating, in 
amount, as would a black bod of the same size at the 

the average, temperature changes are roughly the same 
at the surface and all the way up throu h the tropos- 

iPthe surface of the earth should be kept at a sl' htly 

body temperature would also be altered in the same sense 
and to about the same extent. 

The surface temperature of the land has a shorter time 
lag than that of the ocean, owing to ermanency of posi- 
tion, lack of convection, and the s m d ,  as compared with 
water, specific heat of soil and rock. Actually, therefore, 
the temperature lags of the earth as a whole are less than 
they would be if there were no land at all, but for islands 
and many coastal regions not greatly less. Hence, to 
obtain the upper limit solution of the problem this land 
effect will be omitted. Perhaps this effect can best be 

instance, as might result P roni a change in the solar con- 

known physical P a m  and constants, how great we reason- 

changes of the ocean are not confined to the sur P ace, but 

%or calcu 9 ation it is here tentatively 
ciable assumed degh. t at an exactly equal change estends clown 20 

absolute temperature 260O.' 9 t is also known that, on 

s here, or convective portion of the atmosp % ere. Hence, 

Merent temperature than heretofore, its planetary b i ack- 

1 Abbot and Foab. Annab Ash.ophya. Obs. Bmitbsonlan Inst., 2. p. 176. 
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FIG. 1.-Plotting board for compounding vector quantities 
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treated as a correction term of one or another vdue as GRAPHICAL METHOD OF COMPOUNDINQ 
circumstances may determine. ~ s / - 5 u /  By WILLIAM C. HAINEB Let. then. the oceans become warmer (if cooler the 
methdd of &lculation would be the same)'than istheir 
wont by 1' C. from the surface to the depth of 20 meters, a 
storage of 2,000, approximatel calories per square centi- 
meter of surface, and let tk previous temperatures 
remain unchanged below this level. In what times, under 
normal conditions, will half, three-fourths, and nine- 
tenths of this added heat be lost and the excess tem- 
perature have fallen to 0.5' C., 0.25' C., and 0.1' C. . 
res ectively? 

&nce the loss of heat by radiation per s uare centimeter 

1 0 9 Y  calories per second, in which 6 is the absolute tem- 
perature, it follows that the net rate, calories per second, at 
which the stored up heat is lost er square centimeter 

total loss and total gain; that is, in symbols 

of flat surface, or its equivalent, of a blac % body is 1.27 x 

of ocean surface is the d & E  erence etween the rates of 

d Q = g  [ P- (260)' ] dt, 

in which t is the time in seconds. 

then 
If m. is the mass of water warmed, 8 its specific heat, 

dQ = mde 

but in this case m = 2,000 and 8 = 1. Hence, substituting 

de 1.27 
6'- ( 2 6 0 ) 4 = 2 m  

If, as assumed, the initial planetary temperature is 
261' absolute, then the time in seconds or the given mass 
of water to cool to 8, is found by the equation 

or 

in which t, as explained, is seconds, and t.he angle in 
radians. 

The required t-imes-time to lose, under normal con- 
ditions, half, three-fourths, and nine-tenths of the aocu- 
mulated h e a t a r e  found by substituting for 8, in this 
last equation 260.5, 260.25, and 260.1, respectively. 
The results are 

6, = 260.5' ,260.25' 260.1' 
t ,  days= 178.958 358.287 595.625 

.Obviously, then, the temperature l a p  of the ocean 
incident to variations of incoming radiation are not very 
great, save for small and comparatlvely ineffective 
residuals. 

[Weather Bureau, WMbington, D. C., August. lesC] 

The composition of vector quantities may 
plished by either one of two methods; namely, the 
anal tical method or the graphical method. 

Tze analytical method of compounding vector quanti- 
ties is expressed by the formulae: 

#i 

VECTORS 

be accom- 

Y r,sina,,+r,sin a,+r8sina8+ . . . 
tan e = ~ ~ r l c o s a l , + r t c o s a , + r s c o s Q i +  . . . 
R = d P F i  

where t r,, r, . . . are vectors, al, a,, an, . . . are, re 
9 ectiveyy, the angles which the vectors make with the 2 axis and 6 is the angle the resultant,. R, makes with X . 
axis. S and E' are Zr cos a and Zr am a, respectively. 
The composition of vectors by this general method is 
both tedious and laborious, but this is the proper method 
to use where mathematical accuracy is required. 

parallelogra,m with two of the vectors as sides. %e 
diagonal of this parallelogram and the third vector is 
taken as the sides of a second parallelogram, etc. The 
diagonal of the last arallelo ram formed is the resultant. 
The accuracy of t % P  e resu t of this method depends 
entire1 upon the precision with which the vectors are 

method by which vectors may be compounde rphicd qwckly 
laid og. The wnter has devised a simple 

and with surprising aixuracy. It is accomplished by 
means of a so-called plotting board somewhat similar 
to the one used in connection with our pilot balloon 
work, except that it is smaller in size. 

The plotting board consists of an ordina iY drawipg board, over the central portion of which is g ued a c i r  
culm sheet of millimeter cross-section paper. U on thh 
board is mounted a circular celluloid protractor, P astened 
by a brass bearing at the center. The protractor is 
graduated in de ees; also, directions to 16 points of the 
corn ass are in 8 icated to facilitate the compounding of 
win B vectors. The celluloid disc should be 50 or 80 cm. 
in diameter and frosted on one side so that it will take 

An initial F me OR (see fi 1) and scale are marked on the cross- 
section a er %Me. Other su plementary scales are 
indicate$ &e advant e of whic 1 will be explained later. 

The use of this grap icd method is made clear b the 
following simple example: Suppose we are to fin the 
resultant direction and velocity of the vectors N-5, 

rotractor on 
the initial me OR, and with a pencil mar{ the point A 
on the rotractor a t  a distance of 5 from the center, aa 
shown i y the scale along the line OR. Next turn the 

rotractor to set NE on the line OR, then take the 
fe th of the second vector, or 6 from the point A par- 
alle Y to the line OR, marking the point B on the protrsc- 
tor as the end oint of the second vector. In reality a 

ardlelogram 8ABN is thus formed with the N-5 and 
hJ2-6 vectors as sides; therefore the diagonal OB is the 

The graphical method is accomplished by formi 

encil marks readily and still be transparent. 

B T 
NE-6, and E-8. 

: Set the north point of the 


